The elongated cells of Vibrio spp. induced by cephalexin treatment were examined by scanning electron microscopy. The results showed that Vibrio cholerae has a twisted cell body and a right-handed spiral conformation and that the cell bodies of V. parahaemolyticus and V. alginolyticus are straight rather than curved.
The elongated cells of Vibrio spp. induced by cephalexin treatment were examined by scanning electron microscopy. The results showed that Vibrio cholerae has a twisted cell body and a right-handed spiral conformation and that the cell bodies of V. parahaemolyticus and V. alginolyticus are straight rather than curved.
Members of the genus Vibrio as described by Baumann et al. (1) are straight or curved rods, 0.5 to 0.8 ,m in width, and 1.4 to 2.6 ,m in length. Although Vibrio cholerae is described as a curved rod, its cell body is probably not a two-dimensionally curved rod but rather three-dimensionally twisted. If this is true, the determination of the spiral conformation of the cell body would be important for classification in the genus Vibrio,
We investigated the spirality of helical bacteria such as spirochetes and spirilla by using scanning electron microscopy (7) (8) (9) . However, the spiral conformation of short helical bacteria could not be determined because their short cells did not form complete spirals (8) . Recently, we found that the elongated cells induced by treatment with the 3-lactam antibiotic cephalexin retained the original features of their spirality and that by using scanning electron microscopy of cephalexin-induced elongated cells, we could determine the spiral conformation in two Aquaspirillum spp. which both have short cell bodies (3) .
In this study, we attempted to determine the spiral conformation or check the spirality of Vibrio spp. by scanning electron microscopy of elongated cells induced by treatment with cephalexin.
The strains used in the present study are listed in Table 1 . A total of 16 strains of V. cholerae (3 of the classical biovar, 4 of the E1 Tor biovar, and 9 of the non-O:1 serovar), 3 strains of V. parahaemolyticus, and 3 strains of V. alginolyticus were examined. The strains of V. alginolyticus were isolated from sea urchins. All strains of the three species were maintained in our laboratory.
Heart infusion agar or heart infusion broth (Nissui, Tokyo, Japan) was used for the growth of V. cholerae, and heart infusion agar or nutrient broth (Nissui) containing 2.5% NaCl was used for the growth of V. parahaemolyticus and V. alginolyticus. Each organism was cultured on agar slants at 30°C overnight. The cultures were used as inocula.
Serial dilutions of cephalexin (0.1 to 250 ,ug/ml) were prepared in fresh broth, and 2-ml portions were placed in test tubes. Each tube was inoculated with the appropriate culture and incubated at 30°C for 16 to 20 h. Tubes containing 2 ml * Corresponding author. of fresh cephalexin-free medium inoculated and incubated in the same way were used as controls. Tubes which contained elongated cells when examined by dark-field light microscopy were selected and examined by scanning electron microscopy.
The methods for the preparation of cephalexin and specimens for scanning electron microscopy and for the determination of spiral conformation were as previously described (3). Right-or left-handed spiral conformation was defined as rotation clockwise or counterclockwise, respectively, while moving along the spiral away from the observer (2, 6).
The strains of V. cholerae, V. parahaemolyticus, and V. alginolyticus were observed both with and without cephalexin treatment by scanning electron microscopy. The MICs of cephalexin against the strains of three Vibrio species are summarized in Table 1 .
In the absence of cephalexin, V. cholerae had a short, curved shape with an incomplete spiral (Fig. la) , and the spiral conformation could not be directly determined by scanning electron microscopy. In contrast, each strain of V. parahaemolyticus and V. alginolyticus was a straight, short rod.
A total of 50 to 80% of the cells of all strains of the three species used in the present study elongated and formed long filaments in the presence of one-half to one-eighth the MIC of cephalexin. Many of the elongated cells of V. cholerae had complete spiral forms (Fig. lb and c) , except for one strain (VC154), but none of those of V. parahaemolyticus and V. alginolyticus had any spiral forms ( Fig. 2 and 3 ). All the cells of V. cholerae which elongated and had complete spiral formns had a right-handed spiral conformation, regardless of biovar, serovar, and pathogenicity ( Fig. lb and c and Table 1 ). Although it is uncertain why strain VC154 did not have a complete spiral form, it is considered probable that strain VC154 is a rare mutant in morphology, since it had the same physiological, nutritional, and serological characteristics as V. cholerae.
Baumann et al.
(1) described V. cholerae as being a curved rod and both V. parahaemolyticus and alginolyticus as being straight rods. These descriptions were confirmed in the present study. By using cephalexin-induced elongated cells, which retained the original features of the spirality of the cells we determined that the cell body of V. cholerae is not merely a two-dimensionally curved rod but rather threedimensionally twisted and that its spiral conformation is right-handed. Although strain VC154 did not have a complete spiral form, all the remaining strains belonging to the same species (V. cholerae) had a uniform spiral conformation (right-handed). Therefore, members of the other species in the genus Vibrio which have been described as being curved rods will probably elongate and have spiral forms when treated with cephalexin, and it is considered probable that each species has a spiral conformation specific to its own species, as do other spiral bacteria, such as spirochetes and spirilla (2, 4, 5, (7) (8) (9) . In addition, the morphological difference between V. cholerae and V. parahaemolyticus and V. alginolyticus could be clarified by checking the spirality of the elongated cell bodies by scanning electron microscopy. Thus checking the spirality of cell bodies in Vibrio species by this method should be morphologically important and useful for classification in the genus.
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